We compared two collection devices, IsoCode and FTA, with whole blood for the diagnosis of malaria by PCR (n ‫؍‬ 100). Using whole blood as the reference standard, both devices were sensitive for the detection of single-species malaria infections by PCR (>96%). However, the detection of mixed infections was suboptimal (IsoCode was 42% sensitive, and FTA was 63% sensitive).
The isolation of high-quality template DNA from blood samples is important for diagnostic and molecular studies of malaria. Whole blood has frequently been used as the source of template DNA; however, collecting and transporting blood samples, especially from field sites, is problematic (1, 6, 8, 10, 11) . Several filter paper devices have recently been marketed for the collection, storage, and processing of whole-blood samples for PCR. There have been no direct comparisons of the performance characteristics of these products. Differences in DNA template quality and subsequent PCR amplification among these different collection devices could have a considerable impact on outcome measures in malaria field trials.
In this study, we evaluated two commercially available blood collection devices, IsoCode STIX (Schleicher & Schuell, Keene, N.H.) and FTA Gene Guard card (Gibco BRL, Rockville, Md.), against whole blood for the detection and species identification of malaria parasites by PCR.
Blood samples were collected from individuals presenting with headache and fever (Ն38°C) to an outpatient malaria clinic in Iquitos, Peru. Thick and thin blood smears were prepared and examined by experienced microscopists (Ն200 fields of a thick smear; 1,000ϫ oil immersion). Patients who were smear positive for malaria and who provided informed consent were eligible for inclusion in the study. Whole-blood samples (pretreatment) obtained from consecutive smear-positive malaria-infected patients via venipuncture in EDTA anticoagulant were collected on IsoCode STIX and FTA Gene Guard card collection devices according to the manufacturers' directions. An aliquot of each blood sample was frozen and stored at Ϫ70°C. The IsoCode STIX and FTA filter paper samples were air dried and stored in individual plastic bags at room temperature until they were processed. DNA was extracted from the blood samples collected by the three methods.
Genomic DNA was extracted from the frozen whole-blood samples with a QIAamp blood extraction kit (Qiagen, Chatsworth, Calif.). Genomic DNA was extracted from the IsoCode and FTA devices according to the manufactures' directions.
Each of the 300 DNA extracts was subjected to the same amplification method for a fragment of the plasmodial smallsubunit RNA gene as described previously (10) . Based on previously established PCR methodology using whole-blood samples, an amount of DNA extract equivalent to 5 l of the original whole-blood specimen was used (6, 8, 11) . In order to improve sensitivity and make the methods comparable, we modified the IsoCode manufacturer's recommendations and used 25 l of extract (5 l of the original sample) in amplification reactions. Similarly, an FTA blood dot sample equal to 5 l of the original whole-blood sample was used. The PCR products were electrophoresed and analyzed on 2% agarose gels. An independent observer, unaware of the DNA collection and extraction method used and the results of microscopy, interpreted the results of each amplification reaction. Positive and negative controls were included in each amplification assay. This study was approved by the Institutional Review Board of the U.S. Department of Defense and the Peruvian Ministry of Health.
Blood samples from 100 consecutive malaria-infected patients from Peru were included. We utilized a nested-PCRbased method using DNA extracted from frozen whole-blood samples as the reference standard on the basis of its previously demonstrated performance characteristics (1, 8, 10) .
The DNA extraction procedures for IsoCode and FTA samples were simple to perform. Most users reported that the IsoCode strips were easier to use and manipulate. The time required for DNA extraction from frozen whole-blood on Qiagen columns was 20 min; for IsoCode, the time was 35 min, and for FTA, it was 85 min.
The amplification results are presented in Table 1 . Although both devices were sensitive for the detection of single-species infections, the use of IsoCode devices allowed the detection of only 8 of 19 mixed infections (42%; P ϭ 0.003; Yate's corrected chi square test) and FTA detected only 12 of 19 mixed infec-tions (P ϭ 0.012; Yate's corrected chi square test). Tests of all initially discordant samples were repeated with 50 l of DNA extract from the Isocode samples. Using this increased amount of DNA template, two additional mixed infections were detected, improving the sensitivity from 42 to 53%. Furthermore, one Plasmodium vivax sample initially called negative was detected, and one sample initially interpreted as a mixed infection was correctly identified as a single-species P. vivax infection. These results suggested that the lower sensitivity was compensated for in part by using more genomic DNA extract in the amplification reactions. The results of these additional analyses were not used in the reported results in order to avoid verification bias, since they were only performed on discrepant samples (2, 7).
PCR-based assays represent a major advance in studies of the molecular epidemiology and diagnosis of malaria. A remaining challenge is the identification of a robust field-applicable sample collection method to interface with PCR-based assays. The use of whole-blood samples and DNA purification columns has been shown to be a reliable method for generating high-quality DNA (6, 8, 11) . However, whole-blood samples collected via venipuncture in glass vacutainer tubes represent a potential biohazard during transportation and handling, and special precautions must be in place to maintain the cold chain or unintentional freezing and thawing may result in contamination and DNA degradation (1) . In an attempt to overcome these limitations, we originally reported the use of filter paper as a field-applicable method for collecting blood samples for PCR-based malaria studies (3) (4) (5) . Filter paper collection offers advantages over whole-blood-based methods, including the use of finger stick sampling methods; lack of a need for refrigeration; ease of storage, shipping, and processing; and decreased biohazard risks.
In this study we evaluated two filter paper-based blood collection devices for the diagnosis of malaria by PCR amplification compared to whole-blood samples collected at the same time and optimally frozen and transported. We demonstrated that IsoCode and FTA were satisfactory collection and processing devices for the subsequent amplification of plasmodial DNA. Since these devices were presumably designed primarily for the collection of human DNA (9), modification of the manufacturers' directions, at least for IsoCode STIX, was required to improve the detection of malaria. Both devices displayed good sensitivity for the subsequent PCR identification of single-species infections. However, neither was sensitive for the detection of mixed infections. The reasons for decreased detection of mixed infections are unknown but may reflect loss of template DNA through degradation or trapping of parasite DNA in the paper matrix (1). Since PCR-based assays are increasingly being used as reference standards for malaria diagnostic and treatment studies, these limitations may be important, since they may lead to errors in treatment and misclassification of outcomes. 
